














Conc. In ppm

Level O3 SO2 NO2 CO

1 4-5.9 0.3-2.9 0.3-2.9 0.02-0.059

2 6-19 3-4.9 3-4.9 0.06-0.199

3 20-39 5-7.9 5-7.9 0.20-0.899

4 40-69 8-19.9 8-19.9 0.9-2.999

5 70-89 20-49.9 20-49.9 3-7.999

6 90-119 50-99.9 50-99.9 8-15.999

7 120-139 100-149.9 100-149.9 16-30.999

8 140-169 150-259.9 150-259.9 31-39.999

9 170-189 260-799.9 260-799.9 40-49.999

10 190-259 800-1000 800-1000 50-60

Concentration in ppb

Audit Limits for SO2 & NO2 are ±15% and @ Levels 1 and 2  ±0.0015 ppb

Audit Limits for CO are ±15% and @ Levels 1 and 2  ±0.03 ppm

EPA Ambient Air Audit Levels















2. R2 TTP audit of lab analyzers as follows:

• Calibration of  TTP CO analyzer by undiluted zero & span gas standards, followed by sampling 
undiluted precision gas standard.

• Audit of lab NOx, SO2, and CO analyzers, at levels 5 through 1, using the TTP multi gas blend and 
GPT calibrator.  The TTP CO analyzer samples the same gas stream as the audited instruments.

• Post audit sampling of undiluted zero, span & precision gas standards by the TTP CO analyzer.

• Linear regression run on TTP CO analyzer response to pre & post audit zero, span, and precision 
gas standards.

• TTP CO analyzer audit response is corrected using the regression curve.

• “True” CO audit concentrations are determined  directly from corrected CO analyzer results; 
“True” SO2 and NOx audit concentrations are determined by:

[corrected CO results] * [proportion of SO2 or NOx relative to CO in multi-blend audit gas]

• A separate set of audit results, based on calibration of the GPT mass flow controllers, are also 
collected







Day 1 - Air lab Day 2- Air lab Day 3 - Air lab Day 4 - Air lab Day 5 - Air lab R3-R2 Comp R1-R2 Comp

Pre-Audit Zero 0.001 0.033 0.007 -0.001 -0.004 0.000 0.001

Post-Audit Zero 0.013 0.011 -0.006 0.007 0.001 -0.019 -0.018
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Pre and Post Audit Zero Results For R2 TTP CO Analyzer in the Laboratory
7 Days of Testing With Daily Calibration 

Pre-Audit Zero

Post-Audit Zero

± 0.030 ppm
acceptance criteria 

within red lines

± 0.015 ppm “safety 
margin” between 

green lines



Day 1 - Air lab Day 2- Air lab Day 3 - Air lab Day 4 - Air lab Day 5 - Air lab R3-R2 Comp R1-R2 Comp

Pre Audit Span 4.140 4.154 4.136 4.140 4.143 4.140 4.141

Post Audit Span 4.139 4.120 4.102 4.150 4.150 4.137 4.126
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Pre and Post Audit Span Results For R2 TTP CO Analyzer in the Laboratory
7 Days of Testing With Daily Calibration

Pre Audit Span Post Audit Span

Acceptance criteria of ± 0.03 ppm do not apply at [CO] > 0.2 
ppm. The red and green lines, delimitting ±0.03 and ± 0.015 ppm, 
are presented here as a frame of reference in comparison with 
results at zero.



Day 1 - Air lab Day 2- Air lab Day 3 - Air lab Day 4 - Air lab Day 5 - Air lab R3-R2 Comp R1-R2 Comp

Zero Drift 0.012 -0.022 -0.013 0.008 0.005 -0.019 -0.019

Span Drift -0.001 -0.034 -0.034 0.010 0.007 -0.003 -0.015
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Zero and Span Drift for R2 TTP CO Analyzer in the Laboratory
7 Days of Testing With Daily Calibration 

Drift  = [Post Audit  Result - Pre Audit Result]

Zero Drift Span Drift

Span concentrations are not 
required to be within ±0.030 ppm 
CO. The data is presented here as 
a frame of reference for observed 

variability. 
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Vendor Certified Cylinder Concentration (ppm  Carbon Monoxide)

Pre and Post Audit Response of R2 TTP  CO Analyzer to Direct Injection of Zero, Span, & Precision Gas Cylinders Standards 
7 Seperate Days

3 Point  (Zero, Span & Precision) Regression Correction

Ideal Analyzer

Regression Corrected Day 1 Pre Audit

Regression Corrected Pre Audit Day 2

Regression Corrected Pre Audit Day 3

Regression Corrected Pre Audit Day 4

Regression Corrected Pre Audit Day 5

Regression Corrected Pre Audit Day 6

Regression Corrected Pre Audit Day 7

Regression Corrected Post Audit Day 1

Regression Corrected Post Audit Day 2

Regression Corrected Post Audit Day 3

Regression Corrected Post Audit Day 4

Regression Corrected Post Audit Day 5

Regression Corrected Post Audit Day 6

Regression Corrected Post Audit Day 7
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Vendor Certified Cylinder Concentration (ppm  Carbon Monoxide)

Pre and Post Audit Response of R2 TTP  CO Analyzer to Direct Injection of Span Gas Cylinders Standards 
7 Seperate Days

Ideal Analyzer

Day 1 Pre Audit

Day 2 Pre Audit

Day 3 Pre Audit

Day 4 Pre Audit

Day 5 Pre Audit

Day 6 Pre Audit

Day 7 Pre Audit

Day 1 Post Audit

Day 2 Post Audit

Day 3 Post Audit

Day 4 Post Audit

Day 5 Post Audit

Day 6 Post Audit

Day 7 Post Audit
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Vendor Certified Cylinder Concentration (ppm  Carbon Monoxide)

Pre and Post Audit Response of R2 TTP  CO Analyzer to Direct Injection of Span Gas Cylinders Standards 
7 Seperate Days

3 Point (Zero, Span, & Precision) Regression Correction

Ideal Analyzer

Regression Corrected Day 1 Pre Audit

Regression Corrected Pre Audit Day 2

Regression Corrected Pre Audit Day 3

Regression Corrected Pre Audit Day 4

Regression Corrected Pre Audit Day 5

Regression Corrected Pre Audit Day 6

Regression Corrected Pre Audit Day 7

Regression Corrected Post Audit Day 1

Regression Corrected Post Audit Day 2

Regression Corrected Post Audit Day 3

Regression Corrected Post Audit Day 4

Regression Corrected Post Audit Day 5

Regression Corrected Post Audit Day 6

Regression Corrected Post Audit Day 7



Average difference of 
0.048 ppm CO, or 6.5%



Average difference of 
0.028 ppm CO, or 3.8%



Average bias of 0.002 
ppm CO
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Vendor Certified Cylinder Concentration (ppm  Carbon Monoxide)

Pre and Post Audit Response of R2 TTP  CO Analyzer to Direct Injection of Zero Gas Cylinders Standards 
7 Seperate Days

3 Point (Zero, Span, & Precision) Regression Correction

Ideal Analyzer

Regression Corrected Day 1 Pre Audit

Regression Corrected Pre Audit Day 2

Regression Corrected Pre Audit Day 3

Regression Corrected Pre Audit Day 4

Regression Corrected Pre Audit Day 5

Regression Corrected Pre Audit Day 6

Regression Corrected Pre Audit Day 7

Regression Corrected Post Audit Day 1

Regression Corrected Post Audit Day 2

Regression Corrected Post Audit Day 3

Regression Corrected Post Audit Day 4

Regression Corrected Post Audit Day 5

Regression Corrected Post Audit Day 6

Regression Corrected Post Audit Day 7

Average bias of -0.022 
ppm CO





Regression Correction for Drift



Average difference of 
0.047 ppm CO, or 6.3%



Average bias of 0.000 
ppm CO









Audit 

Point # Audit Point Description

High MFC 

Setting       

(L/min)

Low MFC 

Setting    

(cc/min)

Expected 

Conc.     

(ppm)

CO      

ppm
 % bias ∆ in ppm

CO      

ppm
 % bias ∆ in ppm

CO      

ppm
 % bias ∆ in ppm

CO      

ppm
 % bias ∆ in ppm

CO      

ppm
 % bias ∆ in ppm

1 Pre Zero 20.0 0.0 0.000 -0.017 -0.017 -0.025 -0.025 0.006 0.006 0.001 0.001 0.010 0.010

2 NIST SRM FF3073520.0 20.0 4.889 4.879 -0.2% -0.010 4.873 -0.3% -0.016 4.884 -0.1% -0.005 4.888 0.0% -0.001 4.894 0.1% 0.005

3 LL108028 10.0 100.0 4.488 4.474 -0.3% -0.014 4.468 -0.4% -0.020 4.506 0.4% 0.018 4.529 0.9% 0.041 4.546 1.3% 0.058

4 LL108028 11.0 100.0 4.083 4.045 -0.9% -0.038 4.089 0.2% 0.006 4.061 -0.5% -0.022 4.110 0.7% 0.027 4.136 1.3% 0.053

5 LL111569 4.050 4.024 -0.6% -0.026 4.060 0.2% 0.010 4.046 -0.1% -0.004 4.093 1.1% 0.043 4.105 1.4% 0.055

6 LL108028 13.0 100.0 3.458 3.422 -1.0% -0.036 3.431 -0.8% -0.027 3.454 -0.1% -0.004 3.474 0.5% 0.016 3.511 1.5% 0.053

7 LL108028 15.0 100.0 2.999 2.959 -1.3% -0.040 2.948 -1.7% -0.051 2.982 -0.6% -0.017 3.011 0.4% 0.012 3.059 2.0% 0.060

8 LL108028 18.0 100.0 2.502 2.446 -2.2% -0.055 2.456 -1.8% -0.046 2.478 -0.9% -0.023 2.553 2.1% 0.051 2.506 0.2% 0.004

9 LL108028 20.0 90.0 2.028 1.982 -2.3% -0.046 1.979 -2.4% -0.049 2.010 -0.9% -0.018 2.075 2.3% 0.047 2.027 0.0% -0.001

10 LL108028 20.0 70.0 1.578 1.549 -1.8% -0.029 1.497 -5.1% -0.081 1.575 -0.2% -0.003 1.624 2.9% 0.046 1.571 -0.4% -0.007

11 LL108028 20.0 50.0 1.127 1.101 -2.3% -0.026 1.058 -6.1% -0.069 1.128 0.1% 0.001 1.112 -1.3% -0.015 1.173 4.1% 0.046

12 LL108028 20.0 40.0 0.901 0.867 -3.8% -0.034 0.820 -9.0% -0.081 0.901 0.0% 0.000 0.934 3.7% 0.033 0.882 -2.1% -0.019

13 LL108028 20.0 35.0 0.788 0.763 -3.2% -0.025 0.678 -14.0% -0.110 0.782 -0.8% -0.006 0.763 -3.2% -0.025 0.821 4.2% 0.033

14 LL111575 0.750 0.760 1.3% 0.010 0.667 -11.1% -0.083 0.771 2.8% 0.021 0.801 6.8% 0.051 0.753 0.4% 0.003

15 LL108028 20.0 30.0 0.675 0.656 -2.8% -0.019 0.550 -18.5% -0.125 0.666 -1.3% -0.009 0.644 -4.6% -0.031 0.708 4.9% 0.033

16 LL108028 20.0 25.0 0.562 0.538 -4.3% -0.024 0.443 -21.2% -0.119 0.557 -0.9% -0.005 0.595 5.9% 0.033 0.526 -6.4% -0.036

17 LL108028 20.0 20.0 0.449 0.423 -5.7% -0.026 0.321 -28.5% -0.128 0.441 -1.7% -0.008 0.482 7.4% 0.033 0.414 -7.8% -0.035

18 LL108028 20.0 15.0 0.336 0.318 -5.2% -0.018 0.214 -36.2% -0.122 0.326 -2.9% -0.010 0.295 -12.1% -0.041 0.368 9.7% 0.032

19 LL108028 20.0 10.0 0.222 0.199 -10.4% -0.023 0.101 -54.5% -0.121 0.213 -4.1% -0.009 0.179 -19.4% -0.043 0.242 8.9% 0.020

20 LL108028 20.0 8.0 0.177 0.151 -14.8% -0.026 0.004 -97.8% -0.173 0.167 -5.8% -0.010 0.134 -24.4% -0.043 0.202 14.0% 0.025

21 LL108028 20.0 6.0 0.132 0.108 -18.3% -0.024 0.001 -99.2% -0.131 0.122 -7.7% -0.010 0.091 -31.2% -0.041 0.159 20.3% 0.027

22 LL108028 20.0 5.0 0.110 0.083 -24.3% -0.027 -0.033 -130.1% -0.143 0.104 -5.1% -0.006 0.063 -42.5% -0.047 0.139 26.8% 0.029

23 LL108028 20.0 4.0 0.087 0.063 -27.7% -0.024 -0.056 -164.3% -0.143 0.075 -13.9% -0.012 0.041 -52.9% -0.046 0.116 33.2% 0.029

24 LL108028 20.0 3.0 0.065 0.043 -33.4% -0.022 -0.094 -245.5% -0.159 0.054 -16.4% -0.011 0.019 -70.6% -0.046 0.091 40.9% 0.026

25 LL108028 20.0 2.0 0.042 0.020 -52.5% -0.022 -0.110 -361.3% -0.152 0.035 -16.9% -0.007 -0.003 -107.1% -0.045 0.070 66.3% 0.028

26 LL108028 20.0 1.5 0.031 0.014 -54.5% -0.017 -0.113 -466.9% -0.144 0.025 -18.8% -0.006 -0.017 -155.2% -0.048 0.062 101.3% 0.031

27 NIST SRM FF3073520.0 20.0 4.889 4.859 -0.6% -0.030 4.731 -3.2% -0.158 4.871 -0.4% -0.018 4.832 -1.2% -0.057 4.922 0.7% 0.033

28 Zero 20.0 0.0 0.000 -0.021 -0.021 -0.162 #DIV/0! -0.162 -0.001 #DIV/0! -0.001 -0.048 #DIV/0! -0.048 0.035 #DIV/0! 0.035

R1 TTP CO #1 R1 TTP CO #2

DIRECT INJECTION

DIRECT INJECTION

Audit Points GPT Settings R2 TTP CO R2 Rack CO #1 R2 Rack CO #2



R2 TTP CO R2 Rack CO #1 R2 Rack CO #2 R1 TTP CO #1 R1 TTP CO #2

Pre-Calibration Test Zero -0.017 -0.025 0.006 0.001 0.010

Post-Calibration Test Zero -0.021 -0.162 -0.001 -0.048 0.035
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Pre & Post Calibration Test Zero Results for  5 CO Trace Analyzers  in the 
Laboratory On Same Day 

Pre-Calibration Test Zero

Post-Calibration Test Zero



R2 TTP CO R2 Rack CO #1 R2 Rack CO #2 R1 TTP CO #1 R1 TTP CO #2

Pre-Calibration Test Span 4.879 4.873 4.884 4.888 4.894

Post-Calibration Test Span 4.859 4.731 4.871 4.832 4.922
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Pre & Post Calibration Test Span Results for  5 Trace CO Analyzers  in the Laboratory 
On Same Day Pre-Calibration Test Span

Post-Calibration Test Span



R2 TTP CO R2 Rack CO #1 R2 Rack CO #2 R1 TTP CO #1 R1 TTP CO #2

Zero Drift -0.004 -0.137 -0.007 -0.049 0.025

Span Drift -0.020 -0.142 -0.013 -0.056 0.028
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Zero & Span Drift for 5  Trace CO Analyzers  in the Laboratory On Same Day

Drift = [Post Test Results - Pre Test Results]

Zero Drift

Span Drift







R2 TTP CO                                                                            

Difference relative to expected                                                          
(ppm CO)

R2 Rack CO #1                                                        

Difference relative to expected                                                          
(ppm CO)

R2 Rack CO #2                                               

Difference relative to expected                                                          
(ppm CO)

R1 TTP CO #1                                                  

Difference relative to expected                                                          
(ppm CO)

R1 TTP CO #2                                                  

Difference relative to expected                                                          
(ppm CO)

3.458 ppm CO GPT -0.007 0.028 0.004 0.005 0.022

4.050 ppm CO w/ Span Cylinder 0.004 0.053 0.005 0.026 0.022

4.083 ppm CO GPT -0.007 0.049 -0.013 0.010 0.020
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[Analyzer response] - [Expected Concentration ] @ Span Concentrations
Span Cylinder Direct vs. Bracketed GPT Generated Concentrations

5 Analyzers On Same Day 

95% Confidence Interval
Slope

Intercept

0.021 ppm CO
0.99855
-0.0245

0.090 ppm CO
1.0206

-0.12731

0.019 ppm CO
0.99947
-0.00669

0.076 ppm CO
1.0097

-0.02267

0.055 ppm CO
1.00422
0.01616



R2 TTP CO                                                                            
Difference relative to expected                                                          

(ppm CO)

R2 Rack CO #1                                                        
Difference relative to expected                                                          

(ppm CO)

R2 Rack CO #2                                               
Difference relative to expected                                                          

(ppm CO)

R1 TTP CO #1                                                  
Difference relative to expected                                                          

(ppm CO)

R1 TTP CO #2                                                  
Difference relative to expected                                                          

(ppm CO)

0.675 ppm CO GPT 0.007 -0.012 -0.002 -0.015 0.014

0.750 ppm CO w/ Precision Cylinder 0.036 0.029 0.028 0.066 -0.016

0.788 ppm CO GPT 0.001 0.001 0.001 -0.010 0.014
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[Analyzer response] - [Expected Concentration ] @ Precision Concentrations
Precision Cylinder Direct vs. Bracketed GPT Generated Concentrations

5 Analyzers On Same Day 

95% Confidence Interval
Slope

Intercept

0.021 ppm CO
0.99855
-0.0245

0.090 ppm CO
1.0206

-0.12731

0.019 ppm CO
0.99947
-0.00669

0.076 ppm CO
1.0097

-0.02267

0.055 ppm CO
1.00422
0.01616

Precision cylinder 

exceeds 95% C.I. Precision cylinder 

exceeds 95% C.I.







Average API zero is
-0.026 ppm CO relative to zero 

cylinder gas standard













20000 19983 20094 20093 0.00% 100 99.91 100.14 100.12 -0.02% 10 9.99 9.96 9.95 -0.08%

16000 15990 16068 16067 0.00% 80 79.34 80.02 80.08 0.07% 7.5 7.99 7.43 7.44 0.16%

12000 11991 12041 12041 0.00% 60 59.96 60.10 60.05 -0.08% 5 6.00 4.94 4.94 -0.02%

2.5 3.99 2.43 2.43 -0.05%

8000 7991 8012 8016 0.05% 40 39.96 40.00 40.01 0.02% 1.25 1.99 1.18 1.18 -0.14%

4000 3991 3991 3990 -0.02%

2500 2494 2482 2481 -0.07% 20 19.95 19.98 19.98 -0.01%

10.5 10.95 10.45 10.46 0.04%

4000

1.0064
Slope 

Accuracy
1.0000 1.0018

Slope 

Accuracy
1.0000 1.0021

Slope 

Accuracy
1.0000

-35.5409
Intercept 

Accuracy
0.0008 -0.0599

Intercept 

Accuracy
0.0001 -0.0737

Intercept 
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Flow Calibration Data
February 1, 2013

Zero Gas Mass Flow Controller (20,000 cc/min 

Capacity)

Pollutant Gas Mass Flow Controller (100 cc/min 

capacity)

Pollutant Gas Mass Flow Controller (10.0 cc/min 

capacity)



Pre Zero
Level 2a                                 

(0.163 ppm CO)
Level 2b                                          

(0.100 ppm CO)
Level 1                                          

(0.055 ppm CO)
Post Zero

Day #1 -0.0015 0.0066 -0.0018 0.0015 0.0015

Day #2 0.0095 -0.0153 -0.0118 -0.0144 -0.0095

Day #3 0.0315 -0.0048 -0.0295 -0.0263 -0.0315

Day #4 -0.0035 0.0157 0.0096 0.0072 0.0035

Day #5 0.0010 0.0056 0.0084 0.0068 -0.0010

Day #6 0.0010 0.0019 0.0023 -0.0055 -0.0010

Day #7 0.0050 -0.0018 -0.0045 -0.0104 -0.0050
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[Corrected CO Analyzer] - [Mass Flow Controller Derived  CO Concentrations] 
at Pre & Post Zero  and  @ Audit Levels < 0.200 ppm CO

In the Laboratory Over 7 Days



Audit 
Level 

3

Audit 
Level 

2

Audit 
Level 

1
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Level 

3

Audit 
Level 

2







Instance #1 Instance #2 Instance #3 Instance #4 Instance #5 Instance #6 Instance #7 Instance #8

Zero Drift in Field 0.038 0.05 -0.133 0.069 0.069 -0.006 -0.016 -0.023

Zero Drift in Laboratory -0.012 0.022 0.013 -0.008 -0.005 0.019 0.019
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Zero Drift for R2 TTP CO Analyzer

Laboratory vs. Field

Zero Drift in Field

Zero Drift in 
Laboratory





Pre Zero
Level 2a                                 

(0.163 ppm CO)
Level 2b                                          

(0.100 ppm CO)
Level 1                                          

(0.055 ppm CO)
Post Zero

Day 1 0.0190 -0.0251 -0.0160 -0.0171 -0.0190

Day 2 0.0345 -0.0202 -0.0299 -0.0345

Day 3 -0.0652 0.0762 0.0717 0.0677 0.0652

Day 4 -0.0030 0.0103 0.0066 0.0030

Day 5 0.0344 -0.0253 -0.0259 -0.0427 -0.0344

Day 6 0.0250 -0.0042 -0.0151 -0.0250

Day 7 -0.0080 0.0124 0.0127 0.0067 0.0080

Day 8 -0.0114 0.0116 0.0173 0.0114
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[Corrected CO Analyzer] - [Mass Flow Controller Derived  CO Concentrations] 

at Pre & Post Zero  and  @ Audit Levels < 0.200 ppm CO
In the Field Over 8 Days



Audit 
Level 

3

Audit 
Level 

2

Audit 
Level 

1

Analyzer Responses must be 
caveated because they are 
calibrated by outside 
Agencies and not by EPA R2.
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NO Concentrations Derived From TTP CO , MFC, and NO Analyzer Response at Audit Levels 3 and 2
4 Separate Days In The Field

CO Derived Level 2 MFC Derived Level 2

Analyzer Response Level 2 CO Derived Level 1

MFC Derived Level 1 Analyzer Response Level 1

Audit 
Level 

3

Audit 
Level 

2

Analyzer Responses must be 
caveated because they are 
calibrated by outside 
Agencies and not by EPA R2.





Current Proposed

Zero gas cylinder standard Zero Air supply w/ palladium 

Span gas cylinder run pre & post audit Span gas cylinder only @ pre audit

Precision cylinder for calibration purposes Not Used

CO analyzer zero @ pre audit only CO analyzer zero @ every point < 1.0 ppm

Regression correction w/ pre & post zero/span/precision No regression – re zero @ all low audit points



Current Proposed

Zero gas cylinder standard Zero Air supply w/ palladium 

Span gas cylinder run pre & post audit Span gas cylinder only @ pre audit

Precision cylinder for calibration purposes Not Used

CO analyzer zero @ pre audit only CO analyzer zero @ every point < 1.0 ppm

Regression correction w/ pre & post zero/span/precision No regression – re zero @ all low audit points



Current Proposed

Zero gas cylinder standard Zero Air supply w/ palladium 

Span gas cylinder run pre & post audit Span gas cylinder only @ pre audit

Precision cylinder for calibration purposes Not Used

CO analyzer zero @ pre audit only CO analyzer zero @ every point < 1.0 ppm

Regression correction w/ pre & post zero/span/precision No regression – re zero @ all low audit points



Current Proposed

Zero gas cylinder standard Zero Air supply w/ palladium 

Span gas cylinder run pre & post audit Span gas cylinder only @ pre audit

Precision cylinder for calibration purposes Not Used

CO analyzer zero @ pre audit only CO analyzer zero @ every point < 1.0 ppm

Regression correction w/ pre & post zero/span/precision No regression – re zero @ all low audit points



Current Proposed

Zero gas cylinder standard Zero Air supply w/ palladium 

Span gas cylinder run pre & post audit Span gas cylinder only @ pre audit

Precision cylinder for calibration purposes Not Used

CO analyzer zero @ pre audit only CO analyzer zero @ every point < 1.0 ppm

Regression correction w/ pre & post zero/span/precision No regression – re-zero @ all low audit points




